In general, seeds are not used immediately after harvesting. For this reason, they have to be stored for future use, which requires the maintenance of their viability during the storage time by applying the appropriate conservation technology for each species. This study aimed to evaluate whether package and environmental conditions interfere with the physiological quality of chia seeds (Salvia hispanica L.) stored for 12 months. The experiment consisted of a completely randomized design in a 3 × 3 × 4 factorial scheme, with four replications, using three packages, three storage environments, and four storage times. After each storage time, seeds were subject to germination and vigor tests (emergence and electrical conductivity). Chia seeds can be stored in a cold or dry chamber, in plastic, glass, or paper containers, for 12 months, without hindering seeds physiological quality.
Introduction
Salvia hispanica L. (Lamiaceae), known as chia, is an annual cycle herbaceous plant, native to the midwestern region of Mexico and northern Guatemala [1] [2]. Its seeds are known for their antioxidant properties, dietary fiber, and α-linolenic acid contents, which help prevent several diseases [3] [4] . Chia seeds have stood out as a nutrient source for the food industry owing to their benefits to human health [4] [5] . Recently, the species has aroused the interest of Brazilian producers as an alternative for the second harvest cultivation due to its simple management and high grain yield expectation. However, seed quality as-sessment is fundamental to the success of any culture. In the case of chia seeds, information on seed quality is still scarce.
In most cases, seeds are not used immediately after harvesting. Instead, they are stored for future use, requiring the application of appropriate conservation technology for each species. Although seeds quality cannot be improved during this period, a good storage condition influences seeds survival and longevity and assists in keeping them viable [6] .
The deterioration process is linked to the chemical composition of the seeds [7] . However, seeds longevity during storage depends on factors such as water content, environmental conditions, package, microorganisms, among others [8] .
The most evident physiological symptoms of seed deterioration appear during germination and seedling initial development due to the disruption of the membrane system as a consequence of the attack of free radicals on the chemical compounds of the membrane [9] . Thus, seeds stored under adequate conditions of temperature and relative air humidity maintain their physiological potential, which reduces the respiratory activity and decreases the deterioration process [8] .
Although the choice of the package for seed storage seems easy, this decision depends on the conditions of the storage environment and the characteristics of availability of each package. Therefore, the knowledge of the influence of different types of seed storage conditions and times is fundamental [10] . Thus, this study aimed to evaluate if the package and environmental conditions interfere with the physiological quality of chia seeds stored for 12 months.
Materials and Methods
The experiment was carried out with chia seeds purchased from producers from the region of Chapadão do Sul, Mato Grosso do Sul (MS), Brazil. The experiment consisted of a completely randomized design in a 3 × 3 × 4 factorial scheme, with four replications. Treatments comprised three types of package (glass, plastic, and paper; impermeable, semipermeable, and permeable, respectively); three storage environments [cold chamber (8˚C ± 2˚C and 60% relative humidity); ambient conditions with no temperature or relative humidity control (annual average: 25˚C and 50% relative humidity); and dry chamber (17˚C ± 2˚C and 50% relative humidity)]; and four storage times (zero, four, eight, and 12 months). Each combination had 500 g of seeds. After each storage time, seeds water content was determined, and germination and vigor tests were performed (emergence and electrical conductivity).
The water content was determined using the oven drying method at 105˚C ± 3˚C for 24 hours, with two replications, containing approximately 2 g for each lot [11] . For the germination test, seeds were arranged on the substrate on paper in gerbox boxes, with four replications of 50 seeds, maintained at 25˚C, with continuous light. Germination count was carried out at seven days after test installation, using the emission of the primary root greater than 2.0 mm in length as a criterion.
The emergence test consisted of four replications of 50 seeds, in each treatment, which were sown in 200-cell expanded polystyrene trays, containing commercial substrate, in a greenhouse. Germination count was performed at seven days after sowing. The electrical conductivity test was carried out using four replications of 50 seeds originated from physically pure seeds, which were weighed and placed in plastic cups containing 25.0 mL of distilled water, and kept at 25˚C. After 24 hours, the conductivity readings revealed the mean values obtained for each treatment, expressed as µS·cm
The material was subject to statistical analysis by the Tukey's test at 5% probability, using means comparison for package types and environmental conditions, and polynomial regression analysis for storage times.
Results and Discussion
The water content of chia seeds in all the evaluated storage and package presented slight variations during storage. The lowest change in the water content was observed in the glass and paper package under the three storage conditions (Figure 1 ). The package × environment × storage time interaction was significant for all the evaluated parameters. The increase in the storage time negatively affected the germination and vigor of chia seeds.
Chia seeds stored in a cold chamber (Figure 2(a) ) and dry chamber ( Figure  2(c) ) showed a germination reduction from the fourth month for the three packages used. However, at the end of 12 months, germination remained above 80%, evidencing that the storage at low temperatures and the control of the relative humidity of the cold and dry chambers resulted in a better seeds conservation, minimizing the deterioration process. Low temperatures reduced chemical reactions speed and consequently respiration speed, which benefited seeds conservation [8] . Reference [12] concluded that the seeds of carqueja (Baccharistrimera (Less) DC.) stored in a refrigerator presented better conservation regardless of the package used.
Seeds stored under uncontrolled ambient conditions (Figure 2(b) ) had germination reduction over the storage time. This reduction was lower in the glass and plastic packages. At the end of 12-months, germination was still above 70%. However, a marked germination decrease was observed for the paper package, resulting in values of 30% at the end of the storage time. Reference [13] reported similar results for catanduva seeds (Piptadenia moniliformis Benth.), which showed lower germination when stored in the paper package than in the plastic and glass packages, maintaining this behavior up to 150 days of storage under uncontrolled ambient conditions. Seed deterioration during storage alters the biochemical and physiological processes due to the production of reactive oxygen species, changing the structure of antioxidant enzymes. This fact reduces seeds quality as a consequence of the exhaustion of their reserves, leading to the progressive decline of the percentage of normal seedlings and the sharp decrease in seed viability [14] . Seeds stored in cold (Figure 3(a) ) and dry (Figure 3(c) ) chambers presented a decrease in seeds emergence over the storage time. However, germination percentage was even lower (Figure 3 ). After 12-months of storage in the cold chamber (Figure 3(a) ), seeds stored in paper and plastic packages presented 70% of emergence, while seeds stored in the glass package presented higher values. For the dry chamber (Figure 3(c) ), the plastic package provided 70% of emergence and the paper and glass packages resulted in 60% of emergence. Under uncontrolled ambient conditions (Figure 3(b) ), seeds emergence also decreased over time; nevertheless, these values were less pronounced for the plastic and glass packages, with 60% of emergence after 12-months of storage. Seeds stored in the paper package had the worst results, presenting a marked reduction in seeds emergence from the fourth month, reaching less than 10% of emergence at the end of 12-months. Reference [15] reported similar results for seedlings emergence of Amburana cearenses Smith seeds stored in a paper bag and maintained under uncontrolled ambient conditions. Electrolytes leaching of chia seeds, measured by the electrical conductivity of the imbibition water (Figure 4) , increased over time for seeds stored in a cold chamber (Figure 4(a) ), in all the evaluated packages, especially for the glass package. When stored in a dry chamber (Figure 4(c) ), seeds presented a similar increase in the conductivity values for the three packages, proving that the seeds vigor decreases with the storage time. However, the increase in conductivity values in these two storage environments was not too sharp.
Chia seeds stored under uncontrolled ambient conditions (Figure 4(b) ) presented higher values of electrical conductivity. From the fourth month of storage, these values increased, with a higher leaching and consequently higher loss of cell membranes regulatory capacity. Again, the plastic and glass packages provided lower electrolyte increase when compared with the paper package, resulting in higher values of electrical conductivity and less vigorous seeds. Reference [16] of temperature and relative humidity on the seed performance during storage depend on the traits of each species. These effects are related to the chemical composition of the seed, such as proteins, lipids, and carbohydrates, especially starch [14] .
In general, chia seeds germination percentage had a small decrease with storage time under controlled conditions of cold and dry chambers, regardless of the package, as well as under uncontrolled ambient conditions in the glass and plastic packages. Certainly, the combination of the low temperature and the controlled relative air humidity provided more favorable conditions, which minimized the seeds deterioration rate. Results showed that storage under cold and dry chamber conditions maintained the chia seed germination capacity for longer, even at lower levels than that observed at the beginning of the experiment.
The analysis of the storage time revealed a reduction in germination and seed vigor over time. The paper package is not indicated for storage under uncontrolled ambient conditions for being harmful to the maintenance of chia seeds This result is possibly associated with temperature and humidity variations under uncontrolled ambient conditions, which directly influenced the seeds due to their hygroscopicity. Reference [17] reported lower seeds viability of chia seeds stored in a permeable package, under laboratory conditions, when compared with a permeable or impermeable package under cold chamber conditions. The storage of the seeds under suitable conditions will positively influence the quality of the planting, helping the fast establishment of the crop and the reach of the desired plant stand, consequently potentiating the yield at the harvest time.
Conclusion
Chia seeds can be stored in a cold or dry chamber, in plastic, glass, or paper packages for a 12-month storage time, without damaging their physiological quality.
